Introduction
============

The European hedgehogs *Erinaceus europaeus* are widespread in rural, suburban and urban environment and have become popular as exotic pets. These animals belong to order Erinaceomorpha, family Erinaceidae and originally arrived from Europe, Asia and Africa ([@B23]). Hedgehogs are considered as host of a wide variety of different parasites and pathogens ([@B11], [@B23]). Besides, these animals can be a reservoir host for leishmaniasis and trichinellosis in some parts of the world ([@B29], [@B20]).

Hedgehogs can carry several tick and flea species ([@B1]). Arthropod ectoparasites are a highly adapted group of invertebrates that live on the external body surfaces of animals and humans. Severe infestation with ectoparasites especially ticks can lead to anemia and weight loss ([@B16]). Moreover, these arthropods can act as vectors of pathogenic agents, such as borreliasis, rickettsiasis and piroplasmosis, which cause serious diseases in humans and animals ([@B24], [@B25], [@B13]). These mammals are presented with six species in three genera throughout parts of Iran ([@B6]).

Several studies have been conducted on parasites of hedgehogs from different part of the world that reveal the high occurrence of parasite including the ectoparasites and endoparasite helminthes ([@B5], [@B8], [@B7], [@B17]). Few studies have focused on prevalence of hedgehog infestation in the most parts of Iran ([@B31]). Consequently, the present work was performed in order to determine and compare prevalence and intensity of infestation on hedgehogs in Northwest of Iran.

Materials and Methods
=====================

The study was carried out in two cities in northwestern region in Iran. Urmia has semihumid climate, yearly mean rainfall is of about 350 mm with the maximum mean temperature of 28.3 °C in August and the minimum mean temperature of −5 °C in January. Tabriz is arid, its mean rain fall is 330 mm, maximum temperature of 22 32.7 in July and the minimum mean temperature of −2.8 in December.

A total number of 84 hedgehogs (44 males and 40 females) were examined from April 2010 to December 2011 from Urmia (17 females and 17 males) and Tabriz (23 females and 27 males) Cities. For sampling, two study regions were divided to five parts (North, South, West, East and Center) and animals were searched by torchlight during night through parts of study regions especially in grassland, parks and garden areas. Then, animals were captured by hands and maintained in plastic baskets and transferred to Parasitology Laboratory, Faculty of Veterinary Medicine, Urmia University, Urmia. About 22 hedgehogs were found dead following road accidents and referred to Parasitology laboratory. All data about sex and weight were recorded. Each individual was visually inspected for ectoparasites, then arthropods collected and stored in 70% ethanol solution. Fleas were cleared in 10% potassium hydroxide solution and mounted using routine technique. The ectoprasites morphologically were examined under the stereo microscope and identified using morphological taxonomic keys ([@B2], [@B28]).

Statistics analysis
-------------------

The following parasitological parameters were evaluated: percentage prevalence, the mean intensity and the mean abundance ([@B4]). Chi-square and Fisher's exact tests were used to test for differences in parasite prevalence in the hedgehog population. Statistical comparisons were carried out using SPSS 16.0 statistical software. Differences were considered significant at P\<0.05 level.

Results
=======

A total number of 37 ticks (23 males and 14 females) and 241 ticks (127 males and 114 females) were collected from hedgehogs in Urmia and Tabriz Cities, respectively. The occurrence of ticks in Urmia on hedgehogs was 23 (67.7%) with *Rhipicephalus turanicus* and tick infestation in Tabriz was 11 (22%) and 1 (2%) with *Rh. turanicus* and *Hyalomma anatolicun anatolocum*, respectively. Other ectoparasite that found was *Archaeosylla erinacei* with prevalence of 19 (55.9%) and 27 (54%) in Urmia and Tabriz Cities, respectively. There were significant differences in female and male ticks and fleas (P\< 0.05) that collected from Tabriz but significant differences was observed only in flea in Urmia. All information about number of infestation with ticks and fleas are shown in [Table 1](#T1){ref-type="table"}.

###### 

Prevalence and intensity of ectoparasite species on hedgehogs

  **Study area**                     **Parasite species**        **Prevalence(%)**   **Mean intensity (±SD)**   **Mean abundance (±SD)**   **Range**   **Sex ratio**
  ---------------------------------- --------------------------- ------------------- -------------------------- -------------------------- ----------- ---------------
  **Urmia**                          *Rhipicephalus turanicus*   23(67.7)            10.47(±7)                  4.35(±6.6)                 1--25       1/1.15
  *Archaeosylla erinacei*            19(55.9)                    7.78(±7.2)          7.08(±7.6)                 2--34                      1/2.52      
  **Tabriz**                         *Rhipicephalus turanicus*   11(22)              3.3(±1.3)                  0.72(±1.5)                 1--5        1/1.57
  *Hyalomma anatolicum anatolicum*   1(2)                        1(±0)               0.02(±0.1)                 0--1                       \-          
  *Archaeosylla erinacei*            27(54)                      3.6(±1.7)           2(±0.2)                    1--8                       1/7.6       

###### 

Prevalence of ectoparasite infestation in relation to sex of the hedgehogs (n= 84)

  **City species**            **Sex of animals**   **Significance**   
  --------------------------- -------------------- ------------------ ----------
  **Urmia**                   (n=17)               (n=17)             P\> 0.05
                                                                      
  *Rhipicephalus turanicus*   11(64.7)             12(70.6)           
  *Archaeopsylla erinacei*    10(58.8)             9(52.9)            
                                                                      
  **Tabriz**                  (n=23)               (n=27)             P\> 0.05
                                                                      
  *Rhipicephalus turanicus*   5(21.7)              6(26.08)           
  *Archaeopsylla erinacei*    15(55.5)             12(44.5)           

Prevalence with *Rh. turanicus* and *A. erinacei* were not different (P\> 0.05) between sexes of animals in two study areas ([Table 2](#T2){ref-type="table"}).

Highest occurrence of infestation in both tick and flea was in June in Urmia. The significant variations were observed among seasons in both ectoparasite species (P\< 0.05). In region two, highest prevalence of two parasite species was in August ([Fig. 1](#F1){ref-type="fig"}).
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The significant differences were not seen among season in flea and tick population (P\> 0.05). Overall, the intensity of ectoparasite was higher in Urmia than Tabriz in hedgehog population.

Discussion
==========

In the present study, the ectoparasite prevalence was observed in European hedgehogs (*Erinaceus europaeus*) in Northwest of Iran. A total number of 37 ticks with the species of *Rh. turanicus* (67.7%) were identified from Urmia. Of the hedgehogs sampled in Tabriz, 22% and 2% were infested with *Rh. turanicus* and *H. anatolicum anatolicum*, respectively. The result revealed that infestation rate with ticks was higher than in Urmia. [@B31] found prevalence of 75% for *Rh. turanicus* in hedgehogs (*Erinaceus concolor*) in north of Iran. At the investigation on identification of tick species, the presence of *Rh. turanicus* among ruminants confirmed in two ecologic regions in Iran ([@B22]). Besides in another study *Rh. turanicus* was found in West and East Azerbaijan ([@B15]).

Seasonal variation was observed in hedgehog population in Urmia, but not in Tabriz. The possible reason could be associated with climatic conditions. Rainfall was considered as the most important climatic factor that influenced the seasonal variation in parasite population. According to previous study by [@B15], seasonal activity of ticks has been during the hot and humid months in the Western and Northwestern regions of Iran, which is resulted from several factors including increase of rainfall, temperatures and relative humidity. The results of this study are similar to study carried out by [@B17] on tick populations in hedgehogs. Moreover, seasonal variation in tick infestation on hedgehog had been shown in urban ecosystem of the city of Poznan, Poland ([@B5]). We observed no significant differences in the abundance of any arthropod between hedgehog sexes. The findings of other studies were in accordance with our study ([@B8], [@B17]). Different molecular investigations were conducted on hedgehog ectoparasites which suggested the possibility of transmission of rickettsial agents by arthropods ([@B14], [@B10]). Marie et al. (2011) showed that European hedgehogs (*Erinaceus europeaus)* were infested with *Rh. sanguineus* and *Rickettsiae masssiliae* was identified from ticks. This pathogen is a causative agent of spotted fever disease in humans. In addition, similar study on African hedgehog (*Atelerix algirus*) and desert hedgehog (*Paraechinus aethiopicus*) in Algeria indicated that examined ticks including *Rh. sanguineus* and *Haemaphysalis erinacei* were positive for *R. masssiliae* ([@B12]). Therefore, it was concluded that horizontal transmission of Rickettsia between hedgehog and tick results in hedgehog become potential reservoir host for these emergent pathogens and at this point of view, in environments which there are close communication between human and these animals, the risk factor of infection will increased for humans. Furthermore, *Rh. turanicus* can act as a vector for *Rickettsia*, *Anaplasma*, *Theileria*, *Babesia*, and Arboviruses ([@B21]).

Other arthropod species found in our study was *A. erinacei* with infestation rate of 55.8% and 54% in Urmia and Tabriz Cities, respectively. Highest prevalence was in May to June in Urmia but it was from August to September in Tabriz. There was no data about flea infestation on hedgehogs in Iran. In the Northern white-breasted hedgehog (*Erinaceus roumanicus*) in urban park of central Budapest, Hungary, 99.4% were infected with *A. erinacei* flea ([@B7]). In an epidemiological survey, which was done on European hedgehogs (*Erinaceus europaeus*) in Britain, two ectoparasites species *A. erinace* (8%) and *Ixode s hexagonus* (59%) were reported ([@B8]). According to [@B26], investigated hedgehogs had infestation with *A. aerinacei* and *I. hexagonus* which suggested there were association between ectoparasite infestation and urban environment. Mixed Infestation with *A. erinacei* and dog flea reported from pet animals and hedgehog in Germany ([@B27]). Similar to tick that mentioned above, flea have the ability of transmission of Rickettsial agents ([@B3]). There was one report about human infestation with *A. erinacei* in the world ([@B19]).

Based on the results, it was concluded that the occurrence of ectoparasites in hedgehog population was high in Urmia and Tabriz Cities and their ability in transmission of infectious agents should be noted. For these reasons, further studies are needed to investigate hedgehog ectoparasites in other parts of Iran.

Conclusion
==========

The result of this investigation showed the high prevalence ectoparasites in hedgehog population and according to the zoonotic potential of these animals as vector of some agents further studies are needed to investigate in different parts of Iran.
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